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Second Quarterly Report Project 59

The general aims of the project are:

A, To develop instrumentation suitable for ths measurement of
the flux of heat, momsntum, and water vapor from the sea
surface, if possible.by more than one method,

B, To obtain a sufficient number of measuremsnts of these
fluxes to draw quantitative conclusions about ti:e factors
involved.

11, Instrumentation,

A. Fluxmeter. The complete instrument to measure fluxes cf
heat, water vapor, and momentum simultanecusly has been dubbed the
fluxmeter., It will be composed of a number of units, which may be
described as the anemometer head, temperature and humidity units, and
computer-recorders. These &gll present separate problems and will be
discussed geparately.

1. Anemometer. The anemometer system described in the
first quarterly Progress Report of this project is being developed.
Actual construction has been delayed by slow delivery of necessary
components, tut is now commencing,

2, Temperature Unit. A temperature unit is being con-
structed using a Western Electric type D-176980 thermistor, linearized
according to the scheme given by Beakley.* This temperature unit is
designed to work in conjunction with the humidity unit, acting as the
dry tuldb of a self-computing psychrameter as well as a thermometer. The
use of a thermistor rather than a thermocouple permits easy multiplication
of the vertical velocity by temperature or specific humidity without
the necessity of a complex electronic multiplier.

The instabllity of the thermistor is of littie moment in this
application, as variations of temperature are to he measured, rather
than the absolute temperature. It is characteristic of the thermister
that while the actual value of its resistance is subject to consicderable
fluctuation et a given temperature, the slope, or the rate of change of
resistance with temperature, remains quite constant, btaing a function
only of the nature of the thermistor material. It is orly tne ziope
property thsl will te uged in this applicetion.

% Beakley, W. R,, The deaign of thernistir Lucipoveters with linear



Inssmuch as the thermistors are to be supplied with alternating
current, it will not be feasivle to speed ihe response by the schems
recémmended by Doyle. However, if it eppears neceasery, circuitry to
accomplish the same end may be developed, At present, it seema that the
D-1769580 thermistor will have a sufficiently rapid response even as a
wvet bulba

3. Humidity Unit, A simple analog computer for the
psychrometric equation has been worked out, uwsing thermistors as dry
and wet bulbs, The same tharmistor used in the temperature unit also
servss as the dry bulb for the humidity unit. The analog used is scme-
what simpler than that devised by Swinbank, and has the added advantage
that the computer can multiply the vertical velccity by the specific
humidity without complex multiplier circuitry.

Scme thought has been devoted to the develorment of a wickless
wet bulb, which would te almost a necessity with the extremely fine
thermistor to be used. The success of szuch a wet bulb hinges upon the
finding of an appropriate hydrophilic material with which to coabt the
wet bulb, Little success has been achieved so far,

4. Computer Units., Two different types of computer
units have been projected, sach of which fulfills the same function,
probably with comparable accuracy, Wit which are quite different in
detail, Figures I and II give block diagrams of the two schemes,

In computer I, the two induction resolvers are driven from
the shaft of the rotating arm anomometer (see first quarterly report),
one at ths speed of the shaft, and the other at twice the speed. The
resolvers multiply the input by sin«t, cos <t and sin 2.t at the
respective outputs,

In order to use the resolvers, the transducer must produce its
output as modulation on a 40D0-cycle carrier., This can easily be done
with a strain gsuge Wridge type transducer., After passing through the
resolvers, this carrier must be removed by rectification., The difficult
stsp occurs in integration, where a rate-gervo type integrator must be
used to maintain the desired accuracy. The servo motor would be connected
to a ecyelometer counter for final registration,

For obtaining heat and moisturs fluxes, the output from the
resolver corresponding to the vertical velocity would be used to drive
the hridges for temperature and humidity, followed by amplification,
rectification, and integration as before. Separate constant-voltage
d.c. suppliss to the tridges, followed bty emplification and integrationm,
permit the acoumulation of integrals of the temperature and specific
hmidity independent of the fluctuations of vartical velocity. A con-
tactor and magnetic counter keep ti'ack of the mmber of revolutions
made by the arz.

Computer II is scmevhat simpler in form, although consideratly
more complex in concept. Here multiplication by sintst, coswt and gin
2wt is combined with integration ty the use of the common housshold
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watt-hour meter, The _otal ara anemometer is driven by a synchronous
motar &t exactly 1500 r.p.m., (25 oycles). Generators attacked to the
sare drive mechenism produce voltages proportional to sinwt, comwot, and
sin 2wt vhich are used to drive the pctential coil of a watt-hour meter
of sppropriate charasteristics. The current coil is driven by the
amplified signal voltage from the mrssesure trannducer, or in the case of
the fluxes of heat and water vapor, the output of the pressure transducer
is passed through the tempsraturs and humidity tridgee, and then,
appropriately amplified, pasved on to the watt-hour meters., Separate
regiatration of the temperature and humidity integrels is obtained by
injecting a voltage of still a different frequency (60 cycles) into the
tridges at constani voltagze, registering the result or e aeparate meter,

The rate of rotation of the watt-bhour meter is the product
of the currente paseing through the two coils and the cosine of the
phase angie between %uwvae eurrents, iHsre the phase angle is the angle
of the wind, the ocurrent through the potential coil is constant, and
the ampiitude of the current through the current coil is that of the
quantity to be integrated.

Watt-hqur meters adapted precisely to this application are
available complete with comtactors for counting individual turns of
the disc, Unfortunately, delivery on these items is extremely slow,
five monthe being the present gquotation,

It i1s thus contemplated to proceed with the develorment of
both systems, or possibly an altsrnative, This, in addition to avoiding
possible protracted delays in testing the general scheme, should afford
intereating data for the construction of future computing systems of
this tmo

III. Personnel,

Dr, Arnold H, Glaser went on full Yime as Chief Scientist on
10 Jamuary 1953. Mrs. Jeaa Hitt hss been employed as part-time secretary.

IV, Visita.

In accordance with the terms of the contract, Dr. Glaser,
upon joining the projsct, embarkcd upon an extended tour of ingtitutions
conducting research along lires similar to that of this contract, His
itinerary and resuits of conferences follow:

Ames, Iowa, 8 January, conference with Professors i. R.
Kassander, Jr. and J. E, McDonald of Physics Departmert, Iowa State
College. The feasibility of this projectis utilization of the Iowa
State recording and tatulating apparatus was discussed. Some advan-
tages were seen, but it wss found that any extended observsiion progrem
would use tatulator time excsasively, resulting in high expense. It
was considered indicative that the Round H'll group, after going to the
considerable expemse of constructing sprrorriute recording apparatus to
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work with the Iowa State tabulator, has mede no use of it, This was
followed by a very erlightening discuesion on the use of the Western
Elecotric thermistors and their cheracteristics, Dr. Glaser had the
pleasure of dining with Prof. McDonald.

Madison, Wisconsin, 9 January, conference with Professors
Reid Bryson and V., E, ®norml of Meteorology Department, University of
Wisconsin, Since Dr. Glaser had recently worked with this group. he
is well acqueinted with their work, Subjects of discussion included
the possibility of purchase of an improved type of net radiometer
developed at Wisconsin., (After scme correspondence, Prof. Suomi has
agreed to construct one for us.) Prof. Bryson was interested in the
problem of the measurement of surface stress on the ocean. He expressed
some doubt as to tame applicability of the simple methods he has found
for the measurement of these stresses on lake surfaces,

Washington, D, C., 12-13 Jamuary, conference viith msmbers of
Geophysics BPranch, ONR. Gesieral discussion of plans feor reeearch, Lt,
Bodurtha extended the hospitality of his home,

Washington, D. C,, 14 January, conference with Dr. Lester
Machta on general aspects of turbulence research, Discussion was
hampered ty classification of his work., Brief conference with Dr,
Harry Wexler., Attended seminar by Dr. Charles Gilman of USWB on future
direction of forecasting resesarch,

Silver Spring, Marylend, 15 Januery, conference with Dr,
Frenkis) of Johns Hopkins Applied Fhysics Laboratory. Dr. Frenkiel
suggested the use of the anemoclinometer as the anemometer for the
fluxmeter; an analysias of the farm of resentation of data required
would appear to rule ocut the use of this anemometer in the present
instrument, Dr. Frenkisl gave some interesting suggestions on experi-
mental prcocedures to evaluate a single number index of turbulent diffusion,

Seatrook Farms, New Jersey, 15-16 January, conference with
Drs. Thornthwaite and Halsteed and other stafi of Johns Hopkins Applied
Climetology Laboratory. After an inspecticn of the installation, an
interesting discussion of the problemes of flux measurement ensued., It
was suggested that careful measurements of profile can be of considerabls
utility in flux measurements. The techniques of ottaining good profiles
were diascussed, Dr, Thornthwaite poirted out that a fixed marine aite
offers a unique opportunity for the accumulation of climatic dats of
valus, Dr., Halstead revealed some intsresting work on the aerodynamic
properties of different types of surface,

Upton, Long Island, 19 Jumiary, conference with Mesars., Smith,
Mazzurells and Singer of the Mecteorology Group of the Brookhaven Naticrni-
al Laboratory. Panofsky's flux measurements at EBrookhaven were discussed,
as well as the problems of corrosion-proofing instruments to bte exposed
to marine climates for long periods.



VWesds Hole, Massachusetts, 21-22 January, conference with Mr.
Andrew Bunker on fluxmeter instrumentation. He has a functioning
fluxmeter, which he kindly offered to loan us for the period of the
Camlridge Rescarch Center GRD Great Flains Field Observation Program
in August and September of this year. Staps are bsing tskaxn to toks
advantage of this offer. Conference with Mr. J. R. D. Francis of the
Imperial College of Science and Technology yielded the information that
profiles of wind, temperature, and humidity may be quite mialeading in
flux computations when applied over a water surface, This is somewhat
av variance with the contenticn of Thornthwaite,

Socuth Dartmouth, Massachusstts, 23 January, conference with
Drs. Record and Cramer and Mr, Gill of the MIT Round Hill Field Station,
Tnis organlzation has also been measuring fluxes, buat has found that
with direct-rscording instruments, the calculation problem precludes
the taking of extended series of observations. The group must be
complimented on having made same good measurements,

New York City, 26-29 January, attended meetings of American
Meteorological Society and New York Acadsmy of Sciences. The meetings
afforded an opportunity for numerous informal conferences with wany
workers in the field of turbulennce and turbtulent diffusion. These
contacte have since proved to be of inestimable value.

Boston, Massachusetts, 30 January, attended organizational
reeting of GRD Great Plains Micrometeorological Program. One of the
impreusions carried away from this preliminary meeting was tba extreme
dosirability that thie project participate actively.

Buston, Massachusetts, 2 January, conference with Mr. Ben
Davidsoa and Dr. Heinz Lettau of GRD on problems of micrometecrological
messurement,

This series of visiis can be described as very successful.

On 20 March, Drs. Freeman and Glaser attended a meeting of
the Central Texas tranch of the American Meteorclogical Seociety. UDr,
Glaser presented a paper cn the "Great Plains Micrometecrological
Observation Progrenm®,
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